The main objective of the present work is to develop and characterize a new generation of adsorptive gelled porous bead supports made from nanoparticles of chitosan, bentonite and alginate. There were subsequently used in the purification of water synthetically polluted with cupric ions. The multiple experiments carried out on the adsorption of copper resulted in an equilibrium time reached after 10 min with an elimination percentage of 86%. Adsorption kinetics is better described by the expression of the second-order model whereas the adsorption isotherm is satisfactorily described by the Freundlich model. The different results showed the high affinity of the nanoparticle composite beads of chitosan/ bentonite/alginate to cupric ions in an aqueous solution which is probably due to the presence of various chelating agents such as "NH, OH, COO − , and O" in their structure.
Introduction
Chitosan is a polysaccharide that deserves special attention due to its net cationic character and to the presence of multiple reactive functional groups (OH and NH 2 ) on its chains. The use of chitosan in acid conditions to remove heavy metals is limited due to its tendency to dissolve in acid effluents. To overcome this problem, chitosan was stabilized by crosslinking in acid conditions (1) (2) (3) .
Furthermore, chitosan adsorption efficiency could be improved by switching to the nano form. The nanoparticles were obtained by ionic crosslinking using tripolyphosphate considered as a non-toxic polyanion (4) . This modification, resulted in various changes to chitosan properties, such as a hindrance of the dissolution of chitosan in acidic environments, an improvement of the mechanical strength and an increase of the amorphous nature and the specific surface. These changes theoretically increase the absorption capacity of chitosan nanoparticles compared to the chitosan capacity (5) (6) (7) (8) (9) .
Alginate is also a natural polymer that can form salts with metal ions. Sodium alginate is a linear polyuronate which contains varying amounts of D-mannuronic and L-guluronic acids and can easily be crosslinked using calcium ions (10) . Such a polymer plays an important role in water treatment technologies. The absorption of the heavy metals takes place by ion exchange between Ca (II) and the metal ion in aqueous solution (11) (12) (13) .
Bentonite is an aluminum phyllosilicate mainly composed of montmorillonite (smectite) with other inorganic clays and minerals. There are several types of bentonite that depend on their dominant elements (K, Na, Ca and Al) (14) . The use of bentonite as an adsorbent is of interest in the treatment of industrial effluents. This is justified by the importance of negative charges on the surface of this material and also, by the possibility of cation exchange and especially its wide availability in nature (15) (16) (17) (18) .
In order to improve the possibilities of recovery and disposal of pollutants, little research has focused on the combined use of chitosan nanoparticles, alginates and bentonite.
Sigma, Tiemcen, Algeria), they were used as such, without any purification. Sodium alginate: Labosi product, low molecular weight [Brookfield apparent viscosity is: 100-200 mPa.s, measured at 1% (w/w) at 25°C]. The chitosan extracted from shrimp shells came from the port of Bouharoun Wilaya of Tipaza had a degree of deacetylation (DD) = 85, 49%, degree of acylation (DA) = 14, 5% and a molecular weight equal to 192, 97 kDa. The natural clay "bentonite" used came from a deposit in the northwest of Algerian, in the Mostaganem region.
Preparation of chitosan nanoparticles (NCs)
Nanoparticles were prepared by Dima et al.'s (19) gelation method of chitosan solution with the ion tripolyphosphate (P 3 O 10 ) 5 but with modifications. In short, 0.1% of chitosan was dissolved in 2% (v/v) of aqueous acetic acid. Then, 1.5 ml of Na 5 P 3 O 10 at 5% was added dropwise in 10 ml of chitosan solution, colloidal nanoparticles of chitosan were formed spontaneously with gentle agitation at room temperature. Thirty minutes later, they were centrifuged at 4500 rpm for 30 min. Afterwards, the supernatant was discarded and the deposit was dispersed in distilled water by sonication for performing a second wash (20) .
Preparation of bentonite-alginate (B/A) beads
B/A beads were prepared according to the method of Tzu et al. (21) . Bentonite solution was prepared by adding 1.0 g of bentonite in 25 ml of distilled water; the mixture was stirred for 30 min, at the same time we mix 0.25 g of sodium alginate with 10 ml of water by stirring for 1 h. The alginate solution was then poured dropwise over the bentonite solution while stirring for 1 h. The prepared mixture was added dropwise using a syringe with a solution of CaCl 2 at 3%, the formed beads were left in this solution for 3 h. Conservation is in CaCl 2 solution at 1%.
Preparation of composed beads of chitosan nanoparticles-bentonitealginate (NCs/B/A)
The method used for the preparation of the NCs/B/A composite beads can be summarized in the three following steps: a) Preparation of the B/A mixture The bentonite solution was prepared by adding 1.0 g of bentonite into 25 ml of distilled water, the mixture was then stirred for 30 min, and simultaneously 0.25 g of sodium alginate was mixed with 10 ml of water while stirring for 1 h. b) Preparation of the solution of NCs A total of 0.5 g of the NCs were taken and dispersed with sonication in 2 ml of distilled water. c) Preparation of composite beads NSC/B/A One gram of the preparation obtained in (a) was mixed with the preparation obtained in (b), after stirring this mixture for 1 h; it was then sonicated for 1 h. Finally, the resulting mixture was added dropwise to a 3% CaCl 2 solution using a syringe (1.2 mm diameter).
Adsorption
The objective of this part is to describe in detail the adsorption of copper (II) on two types of materials B/A and NCs/B/A by studying different parameters such as pH, contact time, the adsorbent mass, the initial concentration of metal, the adsorption isotherm and adsorption modeling. The same manipulation requirements apply to both types of synthesized materials B/A and NCs/B/A adsorption.
Adsorption capacity
The amount of adsorbed metal Q (mg/g) or the performance of the adsorption R (%) is expressed by the following two relations, respectively (22) :
C 0 and C e : correspond, respectively, to the initial concentration and to the balance of the liquid phase (mg/l). V: volume of solution (l). W: mass of adsorbent used (g).
Handling the adsorption
In order to study each parameter separately, the following experimental protocol is applied: 10 ml of the solution containing copper at different concentrations of 10-30 mg/l are mixed with different adsorbent masses of 0.01-0.1 g in a pH range between 2 and 8 in vials. Then at each time one of these parameters is varied while the others are set in order to study its own effect on the adsorption capacity. For example, an amount of 0.06 g of adsorbent (beads B/A, beads NCs/B/A) is put in contact in bottles with 10 ml of copper solution of 10 mg/l concentration. The experiment is stirred for 1 h at 22°C and pH = 6, by means of a shaker.
After the application, the different adsorbing agents are characterized by Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) and the supernatants are characterized by atomic absorption spectroscopy (ASS).
Desorption experience
The absorbent polymers have considerable advantages, such as their high adsorption capacity and improved selectivity, but also the possibility of regeneration. The recycling of the adsorbent is very important in order to reduce the process costs. For this, it is imperative to desorb the retained metal and regenerate the chitosan derivative for another adsorption cycle.
A solution of 10 ml containing 10 ppm of copper is mixed with 0.06 g of the beads at pH = 6. After 1 h of contact the solution is filtered and the adsorbed concentration is measured by AAS, we then place the beads in 2 ml of H 2 SO 4 solution at 0.1 M for 1 h (23).
The desorption percentage is calculated by the following relationship:
Desorbed quantity of metal Desorption (%) 1 00 Adsorbed quantity of metal = * [3]
Adsorption isotherm
The operation consists in putting, inside a series of 250 ml glass vials, adsorbent masses ranging from 0 to 100 mg. The other experimental parameters namely stirring time, pH and temperature remain unchanged. The amount of metal held by the solid is calculated using the following equation (24):
With:
Q e : amount of solute adsorbed per unit mass of adsorbent (mg/g).
C 0 : initial concentration of the adsorbate in (mg/l). C e : equilibrium concentration of the adsorbate (mg/l). m: mass of adsorbent (g). V: volume of solution (l).
Modeling of adsorption isotherms
In this section, the adsorption results were processed with the following models: Langmuir, Freundlich and Temkin.
Results and discussion
All the products obtained were characterized by: FTIR, X-ray diffraction (XRD), dynamic light scattering (DLS) and SEM.
XRD of chitosan nanoparticles
The decrease of the chitosan peak and the appearance of new, less intense peaks in the diffractogram of the nanoparticles ( Figure 1 ) indicate the decrease of the chitosan crystallinity by the decrease of the polymer chain, the highly amorphous nature of these nanoparticles will be appropriate for the adsorption process. This change is due to changes in the crystalline structure of the chitosan produced by chemical interactions between tripolyphosphate ions and ammonium chitosan ions, indicating the presence of tripolyphosphate ions in nanoparticles of chitosan (25) . 
FTIR of NCs
The spectrum of NCs illustrated in Figure 2 shows that the nanoparticles originated from the interaction between the positively charged amine group of chitosan and the tripolyphosphate ion (P 3 O 10 )
−5 negatively charged with sodium tripolyphosphate.
The absorption band at 3442 cm −1 assigned to the elongation vibration of the -NH bond in chitosan was expanded by physical interactions with TPP.
The absorption bands observed in the region at 1200 and 1100 cm −1 and at 973,895 cm −1 are assigned to the stretching vibration of the P = O and P-O of the tripolyphosphate ion (26) (27) (28) .
According to Pearson, Pawlak and Mucha the presence of both bands at 1620 cm −1 , 1530 cm −1 are assigned, respectively, to the vibrations of the symmetric and asymmetric stretch of the NH bond of NH 3 + ions due to the protonation of the amine functions of chitosan (29, 30) .
Furthermore, the crosslinking is confirmed by the shift of the vibration frequency of the C-H bond around 1407 cm −1 . Therefore, following the results it can be concluded that the nanoparticles are formed from chitosan. Figure 3 depicts the morphology of the NCs, in a spherical shape. This result confirms the formation of NCs.
SEM of NCs

Size (DLS)
The size of the nanoparticles of chitosan was measured by dynamic light scattering and is shown in Figure 4 . The observed results showed that the particle size of the NCs was about 450 nm and its size distribution was in the range of 400-800 nm.
XRD of NCs/B/A beads
The NCs/B/A beads diffractogram ( Figure 5 ) shows the existence of the same peaks as that of the B/A diffractogram beads, but they are shifted and less intense. According to the literature (31) the peaks shift of a higher diffraction angle toward a lower angle can be attributed to the increase in the interlayer spacing during formation of the NCs/B/A, indicating the interaction between the nanoparticles of chitosan, alginate and bentonite.
FTIR of composite beads of NCs/B/A before and after adsorption
The spectrum (A) in Figure ) reflecting the coordination of the metal ion with these groups (34). 2. The appearance of a new band at 1532 cm −1 which may be attributed to the bending vibration of the NH 2 group indicating the involvement of amine groups in the complexation of copper (35 
of the SiO group by an increase in their intensity compared to that of spectrum (A).
This change is caused by the destruction of bonds between the amine groups of the NCs and these groups; this may be explained by the coordination of the amine groups with the metal ion. FTIR analysis showed the different peak changes corresponding to the functional groups responsible for the adsorption of cupric ions. These observations suggested that adsorption of Cu (II) ions was probably achieved by formation of bonds with: the nitrogen atom of the NH 2 group (which is not involved in the ionic crosslinking process); the oxygen atom obtained from hydroxyl groups of nanochitosan and alginate, tripolyphosphate, P-O-H groups, carboxylate ion of sodium alginate and bentonite SiOH group.
SEM of NCs/B/A beads of before
and after adsorption in the center of the image. They have a polygonal shape and are close to each other. They are attached to the structure of the bead.
Adsorption
Influence of absorption parameters
The amount of metal that can be removed from a solution depends on many variables such as the pH, contact time, the mass of the adsorbent and the initial concentration of metal. Figure 9 shows the effect of pH on the adsorption of copper ions by B/A beads and NCs/B/A beads in the pH range from 2 to 8. It is noted that at pH basic values, the precipitation of Cu (II) in Cu (OH) 2 form occurs at the same time and could lead to an incorrect interpretation of the adsorption. The amounts of copper retained by the B/A beads were found in close relation with the initial value pH of the solution (Figure 9 ). Retention rates are appreciable between the pH values comprised between 5 and 7, with a retention peak around pH 6, then a reduction in efficiency is observed with increasing pH up to pH 8.
Effect of pH
For NCs/B/A beads, the adsorption capacity of the metal ion increases gradually as the pH increases (pH = 2 up to pH = 6), then it stabilizes at pH = 7, then it increases to pH = 8 ( Figure 9 ). These results can be interpreted as follows:
The small amount of copper ions retained by the B/A and NCs/B/A beads at very acidic pH is explained by the increase of H + ions, which results in a competition between the H + ions and the molecules of the metal Cu 2+ cation in adsorption (37, 38) . At higher pH values above pH 6 and in a basic medium, the adsorption capacity of the B/A beads decreases. This decrease can be explained by the precipitation of copper hydroxide and so it will ultimately lead to the reduction of the metal ion absorption capacity. For the NCs/B/A beads, a marked increase of the amount adsorbed can be noticed in basic media at above pH 6. This increase may be explained by the decrease of H + ions, this facilitates the adsorption of metal ions by the adsorbent (39) . Also in a basic medium, the majority of amine groups are in the deprotonated form NH 2 , this resulted in rupture of the electrostatic interactions between the phosphate anions of the triphosphate and the amine of chitosan. Deprotonated amine groups and the triphosphate fall within complexation with metal ions; these interactions increase the adsorption ability of this adsorbent agent (40). Figure 10 shows the effect of contact time on the adsorption of copper ions. It can be observed that there is a strong adsorption of the metal by different adsorbents in the first minutes of the interaction between the metal and the adsorbent.
Effect of contact time
The high rate of initial adsorption can be attributed to the existence of a free surface. When the degree of covering increases, the number of free surface sites available for adsorption decreases, which weakens the adsorption rate until equilibrium is reached.
The equilibrium time is reached for the bentonite alginate composite and for the NCs/B/A after 40 and 10 min, respectively.
The available results point to the conclusion that the B/A beads are not as effective in retaining copper as the chitosan beads. Indeed, NCs/B/A beads have a greater affinity with metal ions. This is probably due to the free doublet of electrons of the deprotonated form of the amine present on the structure of chitosan and tripolyphosphate ions.
Effect of the adsorbent mass
The amount of the adsorbent used was varied from 0.01 to 0.1 g while the other parameters such as pH (6) , the initial concentration of the metal (10 ppm), and time (1 h) are kept constant.
The adsorption amount of copper is plotted according to the mass of adsorbent as shown in Figure 11 . The amount of adsorption decreases as the adsorbent mass increases. This may be attributable to saturation of the specific area of the beads in metal ions and excess of metal remains in solution (41, 42) .
It is clear that the adsorption curve of both organic adsorbents looks the same as in Figure 11 that is to say, there is decrease in the adsorbed amount according to biosorbent and the points are balls almost superimposed except at 0.01 g and 0.04 g the quantity biosorbed by the NCs/B/A beads is maximum relative to that of the B/A beads. This may explain why we have worked with a number of balls which is equal to 0.06 g.
Effect of initial concentration of the metal
The copper adsorption is strongly influenced by the initial concentration of copper ions in aqueous solutions. In this study, the initial concentration of Cu 2+ is varied from 10 mg/l to 60 mg/l while maintaining the other parameters constant. ] = 10 mg/l; volume of the aqueous phase = 10 ml; temperature = 22°C; pH = 6 and agitation = 400 tours/min. Figure 12 shows the effect of the initial concentration of metal ions on the adsorption capacity of the B/A and NCs/B/A beads. A decrease in the adsorption capacity of the metal ions with an increase in the initial concentration of copper is noted. At low concentrations of copper, the number of metal ions available in the solution is lower compared to the available sites on the adsorbent and therefore, adsorption of metals by the active sites leading to a very efficient removal of Cu 2+ ions while at a higher concentration of metal ions, the copper removal efficiency is low, this is due to the saturation of the adsorption sites of the B/A and NCs/B/A beads (43, 44).
Desorption
To verify the effectiveness of the B/A and NCs/B/A beads from an economic and profitability point of view, and to understand the interaction between the metal and the adsorbent, desorption tests were conducted. Water treatment will be economically viable if the adsorbent can be recovered and used repeatedly (14) .
The regenerated compounds have been employed for three consecutive cycles of adsorption-desorption, the results are presented in Figure 13 . It may be noted that the adsorption capacity in the reuse of regenerated compounds decreases gradually (from 79.87% and 88.12% in the first cycle to 74.15% and 80.45% in the third cycle for the B/A and NCs/B/A beads, respectively).
The results of Figure 13 show that there is very little metal desorption by the NCs/B/A beads with respect to that of B/A. This is due to the formation of complexation bonds between the amine and hydroxyl groups of chitosan and the metal ion, as the presence of electrostatic bonds between the metal and the tripolyphosphate ion makes the desorption by the NCs/B/A beads more difficult.
Modeling of the kinetics of copper adsorption
To describe the copper adsorption process on the B/A and NCs/B/A beads, the two pseudo-second models and intra particle diffusion were applied:
Pseudo-second order model
This model suggests the existence of chemisorption (45) , an exchange of electrons per sample between a molecule of adsorbate and of solid adsorbent.
It is represented by the following formula:
The integration of the equation gives: 
Model of the intra particle diffusion
The intra particle diffusion model is proposed by Weber and Morris (45) . It is used to determine the phenomenon limiting the adsorption mechanism. It is represented by the following equation:
with: K i : constant inter particle diffusion (mg g −1 min −1/2 ). C: constant. t 1/2 : half-reaction (adsorption equilibrium reaction).
Model of the pseudo-second order kinetics of the B/A and NCs/B/A beads
representative of the linear form of the pseudo-secondorder kinetics, the k 2 constant speed and the amount adsorbed at the balance Q e may be calculated graphically by plotting t/Q t vs. t. The kinetics of the pseudo-second order, for each B/A and NCs/B/A adsorbent, is respectively illustrated in Figures 14 and 15 . Figures 14 and 15 show that the experimental results perfectly follow the linear variation given by the equation representative of a pseudo-second order kinetics, and the values for the constant k 2 , the adsorption capacity Q e at the balance and R 2 correlation parameter for B/A and NCs/B/A materials are shown in Table 1 .
According to the results shown in Table 1 , we note that the pseudo-second-order model is reliable in order to determine the order of adsorption kinetics of Cu 2+ ions by the B/A and NCs/B/A beads as the correlation coefficient is close to 1 R 2 equal to 0.999. to the experimental data by plotting Q t based on t 1/2 suggests the applicability of the intra particle diffusion model governing the adsorption kinetics.
Model of the intra particle diffusion of the B/A and NCs/B/A beads
Curves (Figures 16 and 17 ) have multi linearities implying the existence of several stages, indicating that the diffusion of Cu (II) ions to the surface of B/A and NCs/B/A is carried out in different stages. The experimental parameters calculated from this model are summarized in Table 2 .
According to the results shown in Table 2 , the modeling has a multilinearity, meaning the existence of an evolution in the adsorption process (Figures 16 and 17) . According to Namasivayam and Kavitha (46) , the first step corresponds to a limitation by intra particle diffusion. The second phase, marked by a slowdown of evolution of q t corresponds to the equilibrium phase due to the depletion of the solute in solution (to Cu 2+ ions).
Determination of adsorption isotherms
The adsorption isotherms are obtained by the graphic representation of Q e = f(C e ) where Q e and C e are, respectively, the amount of copper adsorbed and the equilibrium concentration of this metal. The results are illustrated in both Figures 18 and 19 for the B/A and NCs/B/A beads, respectively. The curves obtained show, according to the classification of Giles and colleagues, that the isotherm of the B/A and NCs/B/A beads is L-type (Figures 18 and 19 , respectively). These curves may be mathematically described by the Langmuir or Freundlich equations. The more the number of sites occupied by the solute molecules increases, the more difficult is the adsorption of new molecules. = 10 mg/l; volume of the aqueous phase = 10 ml; mass adsorbant = 60 mg; T = 22°C; PH = 6 and 400 rpm. = 10 mg/l; Volume of the aqueous phase = 10 ml; mass adsorbant = 60 mg; T = 22°C; PH = 6 and 400 rpm. = 10 mg/l; Volume of the aqueous phase = 10 ml; T = 22°C; PH = 6; 400 rpm and mass adsorbant =(0-100 mg).
The isotherm modeling
The description of the adsorption isotherm was conducted by applying three models which are: the Langmuir, Freundlich and Temkin models. It can be represented by the following equation [10] :
With: K L : Equilibrium constant of Langmuir. Q max : Maximum adsorption capacity. The linearization of the equation [11] is given as:
The equation thus obtained is that of a straight line The viability of the adsorption can be defined from the dimensionless separation factor R L :
- It is noted that the correlation factor calculated from the linear form of the Langmuir isotherm for the NCs/B/A beads is equal to R 2 at 0.88. Suggesting that this model is less applicable.
Most hypotheses by Langmuir are not valid for the adsorption of a pollutant from a solution, so the Langmuir equation becomes an empirical equation.
The usefulness of the Langmuir equation to describe the liquid-solid adsorption phenomena in any way means that the adsorption processes meet the physical criteria originally used for the derivation.
The interpretation of the physical meaning of isotherm parameters must always be made with caution. 
Freundlich model
K F , n: represent the constants of Freundlich. The parameters K F and n are experimentally determined from the linear form of the isotherm. Linearization of this equation [14] involves a shift of words in logarithmic form:
The shape of the isotherm will depend on the value of 1/n and will be able to give vital information about the mechanisms governing the adsorption of the compound on the solid. Depending on the value of 1/n, differ the isotherms gaits that were defined before; thus we distinguish (49): -1/n = 1; H-type isotherm.
-1/n > 1; convex isotherm of type L -1/n < 1;concave isotherm of type S -1/n < < 1; linear isotherm of type C This linearity (50) may be due to: -The repulsion between adsorbed species on the uniform surface. -The heterogeneity of the surface.
The Temkin isotherm is represented by the following equation [15] :
With: q: Recovery rate of the adsorbent surface. C e : Concentration at equilibrium, expressed as (mg/l). Q e : Product quantity adsorbed per unit of adsorbent mass expressed as (mg/g).
Q max : Theoretical maximum capacity expressed as (mg/g).
ΔQ: Represents the variation of adsorption energy (J · mol −1 ).
The linearization of Temkin equation [16] leads to:
By plotting Q e = f(LnC e ), a straight line is obtained, whose slope and he ordinate at the origin enable to determine the heat of adsorption ∆Q and the constant KT balance.
The linear form of the Temkin isotherm of the B/A and NCs/B/A beads is shown in Figures 24 and 25 , respectively.
Linearization of the Temkin model with a correlation factor R 2 very close to 1 (0.987 and 0.954) shows that this model is applicable for the adsorption of copper by the B/A and NCs/B/A beads. The adsorption heat ΔQ obtained by the linearity of the Temkin model is positive; it shows an endothermic adsorption for both organic adsorbents.
The experimental parameters calculated from the models used are summarized in Table 3 . Table 3 shows that the linear correlation coefficients for the Freundlich model are closer to 1 than those of Langmuir and Temkin models.
We can conclude that the Freundlich model is the most adequate to describe the adsorption isotherm of copper by the two systems studied.
Conclusion
The main available results point to the conclusion that during this study, whose purpose was to prepare a natural bio-adsorbent based on NCs, bentonite and alginates produced good evidence for their use as natural supports in the adsorption of cupric ions. The extraction of chitin followed by its modification by deacetylation gave very satisfactory results and in line with those found in the literature (DD = 85.49%, DA = 14.5% and a molecular weight of 192.97 kDa).
The result of the FTIR analysis showed the appearance of bands at 1530 cm −1 and in the region at 1200 and 1100 cm −1 and at 973, 895 cm −1 which confirms the formation of CNs by ionic interactions between chitosan and tripolyphophate. This analysis also showed that the NH and OH groups are the most important sites in the adsorption mechanism of the NCs/B/A beads. The results of XRD analysis showed the amorphous nature of the NCs/B/A beads which increases the adsorption process. It can also be observed from SEM evidence the spherical form of chitosan nanoparticles and the heterogeneous surface of the NCs/B/A beads.
According to the results of copper adsorption on our two synthesized supports based on NCs/B/A and B/A, it can be noticed that: -B/A beads equilibrium is reached after 40 min with a yield of 75.7% at a pH 6. In these same conditions the NCs/B/A beads reach equilibrium after only 10 min, with a yield of 86%. -Modeling of the adsorption kinetics by the two models such as: pseudo-second-order and intra particle diffusion is reliable for both adsorbents (B/A and NCs/B/A). -In addition, both adsorbents have the same aspect of isotherm of L-type. -At the end, the three isotherm models namely Freundlich, Langmuir and Temkin can be applied. It is noted that the Freundlich model responds better to describe the adsorption on both adsorbents (higher correlation factor values).
